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The baryon acoustic oscillation (BAQO) scale acts as a standard ruler for measuring cosmological
distances and has therefore emerged as a leading probe of cosmic expansion history. However, any physical
effect that alters the length of the ruler can lead to a bias in our determination of distance and expansion rate.
One of these physical effects is the streaming velocity, the relative velocity between baryons and dark
matter in the early Universe, which couples to the BAO scale due to their common origin in acoustic waves
at recombination. In this work, we investigate the impact of streaming velocity on the BAO feature of
the Lyman-a forest auto-power spectrum, one of the main tracers being used by the recently commissioned
Dark Energy Spectroscopic Instrument (DESI). To do this, we develop a perturbative model for Lyman-a
flux fluctuations which is complete to second order for a certain set of fields, and applicable to any redshift-
space tracer of structure since it is based only on symmetry considerations. We find that there are 8 biasing
coefficients through second order. We find streaming velocity-induced shifts in the BAO scale of
0.081%—0.149% (transverse direction) and 0.053%—0.058% (radial direction), depending on the model for
the biasing coefficients used. These are smaller than, but not negligible compared to, the DESI Lyman-a
BAO error budget, which is 0.46% on the overall scale. The sensitivity of these results to our choice of bias
parameters underscores the need for future work to measure the higher-order biasing coefficients from
simulations, especially for future experiments beyond DESI.
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Breaking down the paper title
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ARedshift space
ABaryon acoustic oscillations (BAOS)

AStreaming velocity
ALymanh forest



Redshift space

Aln real space, objects (like galaxies) are where they appear to be.
ALY NBRaKAFTFU &aLJ OSZT |y 202S00Qa
ACaused by peculiar velocities
A Convention is that lin@f-sight lies along the z axis
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BAOs

Primordial universe is a plasma of photons and baryons
Dark matteroverdensitiesare seeded throughout

Tugof-war between gravity and fluid pressure

Generates sound waves called BAOs

Can travel a distande p T @omoving Mpc before decoupling
Baryons left behind in spherical shell aroumrdensities

We get a standard ruler!
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Streaming velocity

AGenerated by the same physics that produced BAOS
ABaryons and dark matter have a supersonic relative velocity at
decoupling

AMore important than usual Jeans criteria for structure formation
A Changes filtering mass of the intergalactic medium

AWill impact the BAO scale by some amount



Lymanh forest overview

AH | gas clouds spread throughout IGM

ABackground quasar shines light, exciting Lyfharansition

AAbsorption in multiple H | clouds along LOS
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Visualizing the forest
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Why the Lymatt forest?

ARobust tracer of structure at2 <z < 6
AStudy reionization & thermal history of IGM

AProbe smaller physical scales
AComplement data from other probes
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LSS perturbation theory basics

AAssume underlying matter field smoottpllisionlesDOM
AFollows Poisson, continuity, and Euler equations

AAt large scales, some fields can be treated as perturbations to others

Density contrast Cosmic density
Peculiar velocity Particle velocity
Cosmological gravitational potential Newtonian potential

ALinearize equations to solve for evolution of fields



Biasing theory

ATracers are related to matter field according to some equation
AOften a messy relationship, but we simplify it into a polynomial

ASet the tracer density contrast equal to fields related to the matter
field

AUnknown coefficients are referred to bias coefficients



PT and bias in Lyorest

AMost (purely) PT models are based on linear theory

1T @ 0-

AMy work introduced a complete"®order model
AApplicable to any tracer in redshift space
AlIndependently derived, but resembles EFT of LSS for galaxies
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AStreaming velocity contributions added
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Wheredid | come from?

AGet a physical picture of the situation

AAsk what symmetries are present (azimuthal symmetry)
AConsider all relevant fields

AUse group theory!

AProve our expansion is the most general one possible for fields we
consider



Physical picture
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What group Is this?

ASystem obeys group properties Of
ATrue if your region is over a very small redshift range
ASame group that describes symmetry transformatiortodnd CQ

AUse a character table to get forms of contributions

linear functions & rotations
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Getting bias coefficients and BAO scale shift

AA few of them come from simulations

AOthers are derived from fluctuating Gufteterson approximation

AFormula for deriving optical depth in redshift space
A Optical depth is related to flux, which is related to

ABAO scale parametéris set by fitting a model to Q
AUses... minimization to calculate fitting coefficients
Al 2 YLI NB oh 1ok $/henw is the simulated value



Visualizing the shift

100.0 4

o 10.0 A
__:'\’:: o
—

2.

g':"_‘

ri2

E_: 1.0 4

0.1 4

0.02 0.35

k [h/Mpc|



Paper results and takeaways

TABLE IlIl. The BAO peak shift for three different g values and three different choices of bias coefficients.

Aa in % cy, €, and ¢4 from simulations, ¢y and ¢, from simulations, ¢y and ¢, from simulations,
all others are zero all others are zero all others from FGPA

p=>0 0.081% 0.088% 0.149%

u=1//3 0.066% 0.070% 0.093%

u =1 0.053% 0.054% 0.058%

AResults for peak shift depend strongly on bias parameters

ADESI precisionforLymén F2NBaid Aa ndncs
A Streaming velocity alone is important but relatively minor

AGo to higher order PT and get bias parameters



Part Il: Weak lensing detector systematics

Credit; NASA/ESA
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